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Reported herein is a study of certain salient features of photosynthesis and respiration in three blue-green algae, Anabaena variabilis, Anacystis nzidulans, and Nostoc muscorum G. Histories and brief descriptions of the three species are included in a previous report (2) which presented methods of culture and growth characteristics. Of the various bluegreen algae available in pure culture the species used were chosen because they suspend readily to give homogeneous suspensions which submit to ease of manipulation. The objectives of the study are twofold: first, to obtain information on metabolism of the blue-green algae, a group which has received only cursor-attention; and secondly, to develop a base of information which would allow use of a blue-green alga as a reliable experimental organism for studies on the process of photosynthesis. Because of the simplicity of their structure the blue-green algae appear especially desirable for studies on photosynthesis purstued to subeellular levels. MIETHODS Cellular material of Anabaena variabilis and Atiacystis nidulanis was obtained from bacteria-free cultures grown in a continuous-culture apparatus (6) . The culture medium was medium C, described completely in a previous report (2) , containing per liter 0.25 gm -MgSO4 7 H20, 1.0 gm K2HPO4, 0.025 gm Ca(NO3) 2 -4 H.O, 1.0 gm KNO3, 0.165 gm sodium citrate, 0.004 gm Fe2(SO4)3 -6 H20, and 1.0 ml of an A5 trace element solution; pH 7.3 to 7.5 when aerated with 0.5 % CO. in air. The cultures were maintained at 25 or 390 C and illuminated by tungsten lamps. 1 Received January 19, 1955 . 2 Aided by Grant G259 from the National Science Foundation. 3 Present address: Trinity Univ-ersity, San Antonio, required by Chlorella. However, the shape of the light-saturation curve in the blue-greens depends upon previous culture conditions, particularly the light intensity, as previously shown for Chlorella (5) . The phenomenon is demonstrated by the two curves for Nostoc muscorum G. Further examination of effects of temperature and light intensity of growth on cell pigment concentrations and light intensitv curves of photosynthesis will be the subject of a later report.
Maximum rates of photosynthesis of Anabaena variabilis and Anacystis nidulans at 25°C are comparable to that of Chlorella pyrenoidosa at 250 C. At 390 C Anacystis nidulans has a maximum rate of photosynthesis far greater than that of Chlorella pyrenoidosa and greater than that of any organism yet reported except for a high-temperature strain of Chlorella (9) . The photosynthetic rates of the three species substantiate the previous conclusion from growth studies (2) that the blue-green algae are not to be considered a metabolically sluggish group.
RESPIRATION
For respiration studies two kinds of cell preparations were used. Growing cells were harvested from a growing culture and prepared for manometric experiments in a minimum time (35 to 45 minutes). Starved cells were obtained by aerobic incubation of harvested suspensions in darkness for 24 hours and at the same temperature used for growth and manometry.
The suspending fluid chosen for respiration measurements was 0.5 M phosphate buffer at pH 7.8. Equal rates were observed in 0.05 M phosphate buffer at pH 4.5, 6.0, and 9.0, in K, Na, or Na: K= 1: 1 salts, or in original medium C. As also reported by Webster and Frenkel (11) for Anabaena variabilis, the pH and Na: K ratio effects so pronounced for photosynthesis are negligible for respiration in the three algae studied here.
ENDOGENOUS RESPIRATION: Values for rates of endogenous oxygen uptake and respiratory quotients are given in table III. All three species show a rapid decrease in rate of respiration during the first 24 hours of dark starvation (growing vs starved cells) although there is only a slight decrease observed during the first hour of a manometric experiment. For Anabaena variabilis and Nostoc muscorum G the rates are within the range observed for Chlorella pyrenoidosa grown under similar conditions. Particularly striking, therefore, is the low rate of Anacystis nidulans grown at 250 C; here rate of respiration is less than 1/100 of the rate of photosynthesis.
The latter characteristic is a recommendation for use in quantum yield studies. The respiratory quotients are close to unity and somewhat higher than the value 0.9 observed by Webster and Frenkel (11) The tlhree algae used have been shown to be obligate photoautotrophs in the sense that none of a long list of organic compounds will support growth in the dark (2) . It is considered significant, therefore, that none of the substrates examined will raise the respiratory rate of a starved cell preparation to the level of endogenous respiration shown by photosynthetically growing cells. What may be a similar case has been reported by Lewin (4) ; the diatom Navicula pelliculosa will oxidize succinate, lactose, acetate, pyruvate, and citrate but fails to grow on any of these substrates in the dark. In contrast, Chlorella pyrenoidosa, which can grow heterotrophically in the dark, has a rate of respiration on exogenous glucose some four times greater than that of cells harvested from a photosynthetically growing suspension.
In the case of the three blue-green algae studied here it is plausible to postulate permeability restrictions as the limitation to obligate autotrophy. In the case of Chlamydomonas Moewusii Lewin (3) has rejected this explanation, and perhaps correctly so, on the grounds that "compounds such as acetate, pyruvate, or suiccinate enter the cells and are readily oxidizedl in the dark." However, quantitative rather than qualitative data are necessary before an obligate character of autotrophy can be attributed to any In general, it has been customary to think of these as direct responses to rhythmic external factors. Similarly, the numerous instances of semi-lunar and lunar breeding cycles, common for marine animals and plants, have generally been considered to be simple responses to illumination or tides, or some combination of these.
It is gradually becoming increasingly apparent, however, that daily rhythmicity in animals possesses an important persistent aspect. The rhythmic changes persist, more or less temperature-independent as to frequency, under constant conditions of light, temperature, and humidity. It is also becoming evident that there are similarly temperature-independent persistent rhythms of primary lunar frequencies.
Beliefs-as to relationships between lunar phases and human and other organismic behavior are as old as the beginnings of the human cultural heritage, but these have seldom found solid scientific support. Even when finally supported and used to predict accurately such phenomena as occurrence of plankton pulses of the Illinois River (18), the swarming of the grunion (24), or the palolo worm (17) the lack of an adequate explanation has usually left the matter in the hands of the naturalist rather than the experimentalist.
Biologists who have had occasion to concern themselves with the measurement of 02-consumption in
